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THE  COMPOSITION  0"P 
CERTAIN  ALKALOIDAL  SILIC0-TUNC3TATE3 
I.  STATEMENT  OP  PROELEM 


Silicoduodecitungstic  acid  2HaO, Si03 .12W03 ,29HaO  has  several 
advantages  as  a  general  reagent  for  alkaloids  (1)  extreme  sensitive- 
ness, (2)  high  molecular  weight,  (3)  definite  and  stable  combinations 
with  alkaloids,  and  (4)  its  use  as  a  5  per  sent  solution  is  conven- 
ient.    The  precipitates  are  easily  collected  and  filtered  arid  are 
but  little  affected  by  concentrated  acids.     The  precipitate^  are 
easily  ignited  and  the  oxides  weighed  which  offers  a  rapid  and  relia- 
ble method  for  the  determination  of  alkaloids. 

The  present  study  is  an  investigation  of  the  composition  of  the 
silicotungstates  of  cinchonine,  cinchonidine  and  quinine  with  a  gen- 
eral study  of  the  action  ef  silicotungstic  acid  upon  a  number  of 
basic  organic  nitrogen  compounds. 
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II.  HISTORICAL 

The  use  of  silicoduodecitungst ic  acid  2HaO  12W0a  SiOa  29HaO  as 

1 

a  reagent  for  alkaloids  was  first  suggested  by  Godeffroy    in  1876 , 

who  found  that  it  would  precipitate  with  accuracy  atropine  from  a 

solution  of  one  part  of  atropine  hydrochloride  in  15000  parts  of 

water  and  cinchonine  and  quinine  from  solutions  of  1  in  200000. 

The  use  of  silicotungstic  acid  as  a  general  alkaloidal  precipi- 

2 

tant  was  further  studied  by  Bert rand    in  1899.    He  pointed  out  that 
it  had  the  advantages  of  ( 1 )  extreme  sensitiveness,  (2)  high  molecu- 
lar weight,  (3)  definite  and  stable  compounds  with  the  alkaloids  and 
(4)  the  precipitates  are  easily  collected  and  filtered  and  upon  igni- 
tion leave  a  residue  of  12W0aSi0a  from  which  it  is  easy  to  calculate 
by  use  of  a  factor  the  amount  of  alkaloid.     The  general  formula  of 
the  salts  formed  is  12W0aSi03  2H2O  4  alkaloid  n  HaO,    The  water  of 

crystallization  varies  with  the  alkaloid  and  most  of  it  can  be  ex- 
0 

pelled  at  120    C.    He  observed  that  the  nature  of  the  precipitate 
was  changed  by  heating  in  the  mother  liquor  and  in  the  case  of  aconi- 
tine  and  veratrine  the  sensitiveness  of  the  reaction  was  increased 
thereby. 

The  limits  of  the  reaction  according  to  Bertrand  are  as  follows: 
morphine  1  in  16000,  theobromine  1  in  18000,  nicotine  1  in  20000, 
narceine  1  in  30000,  atropine  and  caffeine  1  in  50000,  aconitine  1 
in  80000,  veratrine  1  in  130000,  bruc  ine  1  in  150000,  cocaine,  strych 
nine,  and  narcot ine  1  in  200000,  quinine,  quinidine,   cinchonine,  and 

c inch onid ine  1  in  5 00000. 
a 

Guillemard    in  1903  used  silicotungstic  acid  to  precipitate  the 
so-called  alkaloids  of  the  urine  after  removing  the  protein.  This 
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precipitate  he  claims  contained  the  creatinine  and  xanthine  bases 
of  the  urine*    By  determining  the  total  nitrogen  of  the  urine  and 
the  nitrogen  of  the  precipitate  he  determined  what  he  called  the  al- 
kaloidal  nitrogen  of  the  urine  and  found  that  it  increased  with  a 
heavy  meat  diet  and  decreased  with  a  milk  diet, 

4 

In  1909  Bert rand  and  Javillier    developed  a  method  for  the  quan- 
titative estimation  of  nicotine  in  tobacco  using  s ilicotungstic  acid. 
The  procedure  recommended  is:  a  10  gram  sample  of  tobacco  is  heated 
with  ten  times  its  weight  of  5  per  cent  hydrochloric  acid  on  the 
water  bath  for  20  minutes.    After  centrifuging  and  decanting  the  ex- 
traction is  repeated  three  times.     The  alkaloid  is  precipitated  with 
10  per  cent  si licotungstic  acid  and  the  precipitate  collected  by  cen- 
trifuging.   The  precipitate  is  then  suspended  in  a  little  water  acid- 
ulated with  hydrochloric  acid  and  containing  a  few  drops  of  the  re- 
agent and  again  collected  by  centrifuging.    This  is  then  decomposed 
with  calcined  magnesia  and  the  nicotine  distilled  with  steam.  The 
distillate  is  caught  in  standard  acid  solution  and  the  excess  acid 
titrated,  using  alizarin  as  indicator. 

The  method  may  be  made  gravimetric  by  precipitating  the  distill- 
ed nicotine  with  an  excess  of  the  reagent,  filtering,  washing  and 
igniting  the  salt.    The  residue  multiplied  by  the  factor  .1139  gives 
the  weight  of  the  nicotine.    Nicotine  s ilicotungstate  is  a  pinkish 

white  salt  and  has  the  composition  12W0sSi02  2HsO  2C10H14N3  5H2O. 
e  e 

Spallino    and  Chapin    have  confirmed  the  accuracy  of  the  method 
and  recommend  the  ignition  of  the  precipitate  using  the  same  factor 
given  by  the  above  experimenters.     The  method  is  much  used  for  deter- 
mination of  small  amounts  of  nicotine  and  is  official  in  the  French 
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Pharmocopoeia . 

Javillier    in  1911  reported  his  results  of  the  analysis  of  qui- 
nine silicotungstate.    He  bases  his  formula  12W0* , SiOa ,2C2t>Ha*02Na , 
?HaO  on  his  analysis: 

WOs,SiOa  77»8l  per  cent 
Q.uinine  17 » 75  per  cent 

HaO  4.44  per  cent 

a 

Ferenz  and  David    in  1914  proposed  a  general  method  for  the  es- 
timation of  alkaloids  using  silicotungst ic  acid.     The  sample  contain- 
ing about  50  milligrams  in  25  cc.  is  treated  with  10  cc.  of  a  10 
per  cent  solution  of  silicotungstic  acid  after  acidifying  with  10  cc. 
of  10  per  cent  hydrochloric  acid.    The  precipitate  is  filtered  and 
washed  with  water  acidified  with  hydrochloric  acid.    The  precipitate 
is  then  transferred  to  a  flask  and  shaken  with  10  cc.  of  20  per  cent 
sodium  hydroxide  solution.    After  adding  15  grams  of  sodium  chloride 
the  solution  is  shaken  with  50  cc.  of  ether.     The  ethereal  layer  is 
separated  and  after  adding  an  excess  of  .01N  acid  is  titrated  with 

•01  N  alkali  using  iodeosin. 
9 

Rasmusson    in  1917  outlined  a  method  for  the  estimation  of 

atropine.     The  alkaloid  is  precipitated  as  the  silicotungstate  and 

ignited.    The  weight  of  the  oxides  is  multiplied  by  .4067  to  get  the 

weight  of  the  alkaloid  and  .0054  grams  added  for  each  100  cc.  of  the 

volume  in  which  the  alkaloid  is  precipitated. 
10 

Taigner      in  1919  working  with  atropine,  strychnine,  and  cocaine 

found  that  when  the  s  ilico tungstates  of  these  alkaloids  were  thorough 
0 

ly  dried  at  120    C  they  had  the  uniform  composition  12W0*, SiOa ,2HaO, 
4  alkaloid,  and  attributes  the  varying  amounts  of  water  of  crystalli- 
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zation  found  by  earlier  investigator?  +o  incomplete  d^ing.  His 
method  of  analysis  is  to  precipitate  the  alkaloid  in  dilute  hydro- 
chloric acid  solution  wit  ha  10  per  cent  solution  of  silic  otungstic 
acid.    One  gram  of  sodium  chloride  is  then  added  and  the  precipitate 
filtered  and  washed  with  dilute  hydrochloric  acid  (1  :  100)  and  ig- 
nited in  a  platinum  crucible.     It  was  found  that  in  applying  this 
method  to  the  analysis  of  plant  extracts  that  the  proteins  and  tan- 
nins present  were  also  precipitated  contrary  to  the  statement  of 
Bert rand.     The  method  for  these  was  to  take  up  the  sample  in  a  small 
amount  of  50  per  cent  alcohol  and  after  adding  an  excess  of  concen- 
trated sodium  carbonate  solution,  extracting  with  dilute  hydrochloric 
acid  solution  until  the  extract  gives  no  precipitate  with  silico- 
tungstic  acid.     The  alkaloid  is  then  precipitated  in  the  previous 
manner.    On  analyzing  an  extract  of  belladonna  containing  1.84  per 
cent  atropine  by  this  method  he  obtained  I.89  per  cent  aid  I.75  per 
cent.    An  analysis  of  Semen  Strychni  containing  2,55  per  cent  strych- 
nine gave  2.62  and  2.76  per  cent.    An  analysis  of  Folia  Coca  contain- 
ing .97  per  cent  cocaine  gave  .983  per  cent  and  ,959  per  cent. 
Taigner  points  out  that  the  gravimetric  method  is  accurate  and  where 
alkaloidal  analyses  are  made  only  occasionally  good  results  are  more 
easily  obtained  than  by  the  method,  of  Perenz  and  David  involving  ti- 
tration of  the  alkaloid. 
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III.  EXPERIMENTAL 
A.  Preparation  of  Silicotungstic  Acid, 
Two  hundred  grams  of  crystalline  sodium  tungstate  were  d ir.so"! ve^ 
in  S00  to  600  cc  .  of  water.    To  }/4  of  this  solution  concentrated 
nitric  acid  was  added  as  long  as  a  precipitate  formed  and  redissolv- 
ed.    This  was  then  added  to  the  remainder  of  the  solution  in  the  ori- 
ginal flask  and  16  grams  of  a  40  per  cent  solution  of  sodium  silicate 
added.    A  large  excess  of  acetic  acid  was  added  and  the  mixture  re- 
fluxed  for  45  minutes.    After  cooling,  100  cc .  of  concentrated  sul- 
furic acid  was  added  and  after  cooling  again,  the  si licotungstic  acid 
was  extracted  with  ether.     The  ether  was  allowed  to  evaporate  spon- 
taneously in  a  current  of  air,   leaving  the  silicotungstic  acid  as  a 
fine,  light  yellow  powder.    After  drying  thoroughly  in  a  vacuum  des- 
sicator  the  product  becomes  almost  pure  white.     This  method  gives  a 
yield  of  98  grams  or  51  per  cent  of  the  theory  yield.    On  boiling, 
the  above  mixture  turns  first  to  a  light  blue  then  darker  to  almost 
black,  and  as  the  reaction  progresses  develops  a  purple  color  and 
finals  a  decided  pink  tint  which  seems  to  mark  the  end  of  the  reac- 
ti  on. 

The  product  obtained  is  entirely  water-soluble.    Unless  the  acid 
is  thoroughly  dried  it  decomposes  on  long  standing,  part  of  it  becom- 
ing insoluble  in  water.     The  solution  must  be  quickly  cooled  after 
adding  the  concentrated  sulfuric  acid,  and  the  ether  extraction  com- 
pleted as  soon  as  possible,  as  the  silicotungstic  acid  decomposes  on 
standing  in  the  presence  of  the  concentrated  sulfuric  acid.     On  add- 
ing the  ether  and  shaking,  the  silicotungstic  acid  with  part  of  the 
ether  settles  to  the  bottom  and  is  easily  separated.    The  excess 
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ether  remains  above  the  original  reaction  mixture. 

The  extract  contains  9ome  acetic  acid  but  on  thorough  drying  in 
a  current  of  air  and  in  a  vacuum  dessieator  over  concentrated  sul- 
furic acid  the  acetic  acid  is  removed. 

During  the  evaporation  and  drying  the  silicotungetic  acid  shoulc 
be  stirred  with  a  bone  or  porcelain  spatula,  as  metals,  particularly 
nickel,  reduce  the  acid,  giving  a  blue  colored  product. 
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METHOr  OF  ANALYSIS 
A  quantity  of  cinchonine  silicotungstate  was  prepared  by  adding 
a  slight  excess  of  a  5  per  cent  solution  of  silicotungstic  acid  to  a 
solution  of  cinchonine  hydrochloride  containing  an  excess  of  hydro- 
chloric acid.    On  coiling,  the  precipitate  collects  and  filtration  is 

made  easier.     The  precipitate  was  then  thoroughly  washed.     It  was 

o  o 

dried  at  a  temperature  between  100    C  and  120  C« 

The  same  general  method  was  followed  in  the  preparation  of  the 

silic otungstates  of  cinchonidine  and  quinine* 

It  was  quite  apparent  from  the  work  of  Bertrand  and  Javillier 
10 

(the  work  of  Taigner      was  not  available  until  after  the  completion 

of  the  experimental  work  by  the  writer)  that  such  a  quantitative 

method  as  weighing  the  dried  salt  was  impossible  due  to  the  varying 

amounts  of  water  of  crystallization,  the  loss  of  which  depends  on  the 

time  and  method  of  drying.     The  water  is  not  completely  driven  out 
0 

at  120    C.     In  the  present  experimental  work  no  attempt  was  made  to 
determine  the  amount  of  water  in  the  salt.     The  main  object  was  to 
obtain  the  exact  ratio  of  the  alkaloid  to  the  silicotungstic  anhy- 
dride left  upon  ignition  and  in  this  way  an  accurate  gravimetric  fac- 
tor for  the  analysis  of  the  alkaloids  studied. 

The  amount  of  alkaloid  in  the  salt  was  calculated  from  the  nitro 
gen  as  determined  by  the  Kjeldahl  method.     Incidentally  it  was  found 
that  the  addition  of  potassium  sulfate  to  the  digestion  mixture  was 
absolutelj"  necessary  if  all  the  nitrogen  of  quinine  and  cinchonine 
was  to  be  obtained  as  ammonia.    Digestions  carried  on  for  15  hours 
with  concentrated  sulfuric  acid  and  copper  sulfate  alone  showed  only 
about  half  of  the  nitrogen  present  .    This  was  taken  t  0  show  that  the 
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addition  of  potassium  sulfate  to  raise  the  temperature  of  the  diges- 
tion mixture  is  necessary  to  decompose  the  alkaloid  and  that  it  does 
not  act  only  by  shortening  the  time  of  digestion. 

The  alkaloid  was  also  determined  by  extracting  the  alkalojd  with 
chloroform  after  decomposing  the  salt  with  sodium  hydroxide.  The 
tungstic  and  silicic  acid  are  dissolved  and  the  alkaloid  left  in  sus- 
pension, from  which  it  is  extracted  by  the  solvent.    The  extract  was 
evaporated  to  dryr.ess  and  taken  up  in  dilute  hydrochloric  acid.  After 
adding  an  excess  of  ammonia,  the  alkaloid  was  again  extracted  with 
chloroform,   evaporated  to  dryness  and  weighed.     This  method  gave  uni- 
formly higher  results  than  those  calculated  from  the  nitrogen  deter- 
mined • 

The  silicotungstic  anhydride  was  determined  by  igniting  the 
salts  in  a  platinum  crucible  and  weighing  the  residue. 
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QUININE  9ILIC0TU1IGSTATE 
Following  the  above  method  of  analysis  the  following  results 
were  obtained: 

(a)  1.S225  grams  0f  the  salt  on  ignition  gave  1.2027  grains  of 
silicotungstic  anhydride  or  78.98  per  cent. 

(to)  I.386  grams  of  the  salt  on  ignition  gave  1.0948  grams  of 
silicotungstic  anhydride  or  79.00  per  cent. 

(a)  .6293  grams  of  the  salt  contained  .00979  grams  of  nitro- 
gen as  determined  by  the  Kieldahl  method,  equivalent  to  .1133  grams 
of  quinine  or  18.00  per  cent. 

(b)  .9853  grams  of  the  salt  gave     .01536  grams  of  nitrogen  equi 
valent  to     .1778  grams  of  quinine  or  18.05  per  cent. 

The  ratio  of  quinine  to  silicotungstic  anhydride  from  the  above 
are     .2278  and     .2284.     The  ratio  of  2  gram  molecules  of  quinine  to 
one  of  silicotungstic  anhydride  is  .2281. 

An  analysis  of  a  standard  solution  of  quinine  hydrochloride  con- 
taining   .1000  grams  of  quinine  in  10  cc.  gave     .4397  and  .4394 
grams  of  silicotungstic  anhydride  equivalent  to    .10025  grams  and 
.10020  grams  of  quinine  respectively  equivalent  to  100. 25  per  cent 
and  100.2  per  cent  recovery  using-  the  factor  .2281. 
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CIHCH0NI2IE  S I L I C OTUNG STATE 
An  analysis  of  this  salt  gave  the  following  results: 

(a)  1,000  grans  of  the  salt  gave  on  ignition    .7959  grams  of 
silicotungstic  anhydride,  or  79*59  per  cent. 

(b)  1.000  grams  of  the  salt  on  ignition  gave     .7960  grams  of 
silicotungstic  anhydride, or  79*60  per  cent. 

(a)  1.000  grams  of  the  salt  contained     .01564  grams  of  nitrogen 
equivalent  to    .1643  grams  of  cinchonine, or  16.43  per  cent. 

(b)  1.000  grams  of  the  salt  contained     .1566  grams  of  nitrogen 
equivalent  to    .1645  grams  of  cinchonine, or  16.45  per  cent. 

The  ratios  of  cinchonine  to  silicotungstic  anhydride  as  calcu- 
lated from  the  above  are     .2064  and     .2066.     The  ratio  of  2  gram  mol 
cules  of  cinchonine  to  one  of  silicotungstic  anhydride  is  .2069* 

An  analysis  of  a  standard  soluti  oil  containing    .1000  grams  of 
cinchonine  in  10  cc .  gave     .4813  and     .4810  grams  of  silicotungstic 
anhydride  equivalent  to    .099629  grams  and    .09957  grams  of  cincho- 
nine respectively,  or  99.63  per  cent  and  99*57  per  cent  recovery. 
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CINCHONTDINE  3ILIC0TUNG8TATE 
It  was  t  o  be  reasonably  expected  that  cinchonidine  silicotung- 
state  would  have  the  same  composition  as  the  cinchonine  salt,  but  in 
order  to  be  certain  an  analysis  of  this  was  also  made.     The  following 
results  were  obtained; 

(a)  1,5224  grams  of  the  salt  on  ignition  gave  1.2411  grams  of 
s ilic otungstic  anhydride,  or  81.52  per  cent. 

(b)  1.3988  grams  of  the  salt  gave  1.1403  grams  01  anhydride,  or 
81.52  per  cent. 

(a)  1.000  grams  of  the  salt  contained     .01609  grams  of  nitrogen 
equivalent  to     .1690  grams  of  the  alkaloid,  or  16.90  per  cent. 

(b)  1.000  grams  of  the  3alt  contained     .01612  grams  of  nitrogen 
equivalent  to    .1693  grams  of  the  alkaloid,  or  16.93  Per  cent. 

The  ratios  calculated  from  the  above  are    .2073  and    .2069*  The 
ratio  of  2  gram  molecules  of  the  alkaloid  to  one  of  si lie otungstic 
anhydride  is     .2  069« 
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THF  REACTION  OF  SILICOTUNOSTIC  ACID  WITH 
VARIOUS  ORGANIC  NITROGEN  COliPOUNDS. 

There  is  available  in  the  literature  considerable  data  concern- 
ing the  various  alkaloidal  silico tungstates,  but  no  mention  is  made 
of  the  fact  that  silicotungstlc  acid  fonns  sparingly  soluble  salts 
with  practically  all  aromatic  secondary  and  tertiary  amines,  and  with 
many  aliphatic  secondary  and  tertiary  aiaines* 

The  salts  of  methyl,  ethyl,  dimethyl  and  diethyl  anilines  form 
bulky  white  precipitates  upon  the  addition  of  a  few  drops  of  silico- 
tungstic  acid  solution*    Their  solubilities  decrease  with  increasing 
molecular  weights.    Di ethyl-aniline  si  lice tungstate  is  very  sparingly 
soluble.    The  salt  as  precipitated  in  the  cold  is  very  hard  to  filter 
and  the  solution  must  stand  for  10  to  24  hours  before  precipitation 
is  complete.     The  solution  cannot  be  boiled  as  hydrolysis  results 
with  splitting  off  of  one  ethyl  group  in  part.    Analysis  of  a  stand- 
ard solution  of  diethyl  aniline  showed  only  95  per  cent  t o  96  per 
cent  recovery  by  ignition  of  the  silicotungstate.    By  taking  into  ac- 
count the  solubility  and  adding  an  amount  proportional  to  the  volume 
in  which  precipitation  occurs  satisfactory  results  would  probably  be 
obtained . 

Betaine  qQ0CHaN( CHg  )g  forms  a  very  slightly  soluble  silicotung- 
state which  separates  in  silky  needles. 

Dimethyl  amine  silicotungstate  is  precipitated  in  fine  white 
crystals  which  are  quite  soluble. 

Trimethyl  and  triethyl  amines  form  sparingly  soluble  silicotung- 
s tates . 

Creatinine  forms  a  silicotungstate  similar  in  appearance  to  that 
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of  betaine.     It  is  q'lte  soluble. 

Phosphotungstic  acid  in  the  presence  of  uric  acid  and  upon  the 
addition  of  a  concentrated  solution  of  sodium  carbonate  develops  an 
intense  blue  color,  upon  which  1s  based  the  color imetric  method  for 
the  determination  of  uric  acid.     A  similar  procedure  was  followed, 
using  si licotungetic  acid  but  no  color  was  developed  with  uric  acid, 
allantoin  or  hydantoins.    However,  t'nio-substituted  hydantoins  devel 
oped  an  Intense  blue  color. 
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IV.  CONCLUSION 

The  results  of  the  analysis  of  the  silicotungstates  of  quinine, 
cinchonine,  and  cinchonidine  show  that  they  have  the  general  formula 
12W0s,Si0a  2  alkaloid  n  HaO  which  agrees  with  the  formula  first  pro- 

2 

posed  by  Bertrand  ,  His  formula  showed  4  mols  of  the  alkaloid  com- 
bined wit  h  1  of  the  acid,  but  he  used  alkaloids  containing  only  one 
nitrogen  while  the  cinchona  alkaloids  contain  two  reactive  nitrogens. 

The  application  of  this  method  of  analysis  to  quinine  and  cin- 
chonine  seems  to  give  very  accurate  results. 

The  fact  that  many  other  organic  nitrogen  compounds  other  than 
the  alkaloids  form  sparingly  soluble  silicotungstates  suggests  the 
applicati  on  of  the  same  method  to  the  estimation  of  these  and  such 
derivatives  as  the  aniline  dyes. 
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